US007906085B2

a2 United States Patent 10) Patent No.: US 7,906,085 B2
Li et al. 45) Date of Patent: Mar. 15, 2011
(54) FAST-REGENERABLE SULFUR DIOXIDE ;,}gg,%‘g g% }ggg; grieve etal.
,169, agae
ADSORBENTS FOR DIESEL ENGINE 2005/0169826 Al 8/2005 Lietal.
EMISSION CONTROL 2006/0010859 AL*  1/2006 Yan etal. ... 60/286
2006/0177367 Al 8/2006 Li et al.
(75) Inventors: Liyu Li, Richland, WA (US); David L. 2007/0012028 Al*  1/2007 Weissmanetal. ........... 60/275
King, Richland, WA (US) OTHER PUBLICATIONS
(73) Assignee: Battelle Memorial Institute, Richland, Buelnaetal., “Characteristics and desulfurization-regeneration prop-
WA (US) erties of sol-gel-derived copper oxide on alumina sorbents,” Speara-
tion and Purification Tehcnology, vol. 39, pp. 167-179 (2004).
(*) Notice: Subject to any disclaimer, the term of this “Catalyst-Based Diesel Particulate Filters and NO, Adsorbers: A

Summary of the Technologies and the Effects of Fuel Sulfur,” Manu-
facturers of Emission Controls Association, 28 pp. (Aug. 14, 2000).
Corro, “Sulfur Impact on Diesel Emission Control—A Review,”
React. Kinet. Catal. Lett., vol. 75, No. 1, pp. 89-106 (Jan. 2002).

patent is extended or adjusted under 35
U.S.C. 154(b) by 344 days.

(21) Appl. No.: 11/731,116 “Heavy-Duty Engine and Vehicle Standards and Highway Diesel
Fuel Sulfur Control Requirements,” United States Environmental

(22) Filed: Mar. 30,2007 Protection Agency, Regulatory Announcement, 4 pp. (Dec. 2000).
Iretskaya etal., “Promoting Effect of Chloride on the SO, Adsorption

(65) Prior Publication Data Capacity and Adsorption Rate of Alumina-Supported Copper Oxide
Adsorbents: Thermogravimetric and Infrared Studies,” J. Phys.

US 2008/0241031 Al Oct. 2, 2008 Chem., vol. 107, pp. 4955-4962 (May 2003).

(5 l) Int. CI1. (Continued)

(52) 5081 DC_:0/00 (2006.01) 423177 Primary Examiner — Tom Duong

(58) Field of Classification Search aones, (74 Auorney, Agent, or Firm — Klarquist Sparkman, LLP

422/177, 180; 60/286, 295, 297; 502/400 (57) ABSTRACT

See application file for complete search history. ) ) ) )
Disclosed herein are sorbents and devices for controlling

(56) References Cited sulfur oxides emissions as well as systems including such
sorbents and devices. Also disclosed are methods for making

U.S. PATENT DOCUMENTS and using the disclosed sorbents, devices and systems. In one

4725417 A 2/1988 Deschamps et al. embodiment the disclosed sorbents can be conveniently
5,248,321 A 9/1993 Yang regenerated, such as under normal exhaust stream from a
5,762,892 A 6/1998 Kasahara et al. combustion engine, particularly a diesel engine. Accordingly,
5,850,735 A 12/1998  Araki et al. also disclosed are combustion vehicles equipped with sulfur

6,217,839 Bl 4/2001 Hess et al.

6.610.264 Bl 32003 Buchanan ef al. dioxide emission control devices.

6,758,036 B1*  7/2004 Molinier .........ccccoommrrrreces 60/286 . .
7,138,358 B2 11/2006 Huang et al. 23 Claims, 14 Drawing Sheets
7,153,345 B2 12/2006 Lietal. (12 of 14 Drawing Sheet(s) Filed in Color)

Leanf i

533

[

L
it

SChoutpsni gas-Sow isnam)

012 3 4 8 8 7 & $ 0 bR 4R 18 Y 1518 B 2y 2208 M 28

st b



